After-effects of I-circles of various sizes on a T-circle of a constant size (1 degree) were measured by means of the method of transposition (Oyama, 1959) for 5 Ss under four distance conditions of 1-and T-circles, Near-Near, Far-Near, Far-Far, and Near-Far.
Many experimental studies on figural after-effects have showed that the magnitude and direction (growth or shrinkage) of after-effect vary systematically as a function of the size ratio of the inspection (I-) and test (T-) objects, irrespective of their absolute sizes (Graham, 1965; Sagara both the I-and T-objects arc circles and presented concentrically, the T-circle appears to shrink when it is smaller than or nearly the same as the I-circle and it appears to grow when it is considerably greater than the I-circle.
When the I-and T-objects are presented at different distances from the subjects, the following question will arise: Which is the determining factor of after-effect, the retinal size or the apparent size? This question was first presented by Prentice (1947 Prentice ( , 1950 who made two experimental studies and concluded in the first study that the determining factor was the apparent size but in the second study that it was the retinal size.
The same problem has been studied by many other investigators. Hochberg and Bitterman (1951) , as in Prentice's second study, used such situation that the visual angle (retinal size) relation between land T-circles was inverse to the physical (apparent) size relation, e.g. the I-circle was greater in physical size but smaller in visual angle, and obtained the results supporting predictions from the retinal size relation. Sutherland (1954) conducted experiments in such situation that the I-and T-circles were always the same in visual angle but placed at different distances and concluded that both the retinal and apparent sizes determine the after-effects. His conclusion was partly supported by Day and Logan (1961) , Story (1961), and McEwen (1959) . Oyama (1954 Oyama ( , 1956 ) used I-circles of various sizes presented at a different distance from that of T-circle and quantitatively measured the after-effect, whereas most of other investigators used I-circles of only one or very few sizes and did not made exact measurements. Oyama presented I-circles at twice the distance of Tcircles on the first study and at half the distance in the second study. His results itan University. Requests for reprints should be sent to Tadasu Oyama, Department of Psychology, Chiba University, Yayoi-cho, Chiba 280, Japan.
were mostly concordant with predictions from the retinal size relations. He coneluded that the retinal size is certainly a determining factor of after-effect but it is possible that the apparent size is also a simultaneous determining factor.
In the present study, a further attempt was made to re-examine this problem, presenting I-circles of various sizes under four different distance conditions of the Iand T-objects: Near (1)-Near (T), FarNear. Far-Far, and Near-Far conditions. The diameters of the I-circles on these figures were 0.5, 0.75, I, 1.5, 2, 3, 4, 6, and 8cm (15, 22.5, 30, 45, 60, 90, 120, 180 , and 240min in visual angle). The F-set consisted of ten I-figures.
The diameters of the I-circles were 0.5, I, 1.5, 2, 3, 4, 6, 8, 12, and 16cm (7.5, 15, 22.5, 30, 45,60, 90, 120, 180 , and 240min in visual angle). 
Transposition Cards
For measuring the after-effect with the method of transposition, a kind of ratio-matching method devised by Oyama (1959) , two series of transposition cards were prepared.
The Nseries consisted of 23 cards and the F-series consisted of 22 cards.
The size of each card was 38cm in width and 20cm in height. Two outline circles was drawn in India ink on each card. In the N-series, the diameter of the right circle varied from 13 to 24mm in 0.5mm steps, while that of the left circle was always 20 mm. In the F-series, the diameter of the right circle varied from 27 to 48mm in 1mm steps, while that of the left circle was always 40 rum. The width of the line was 0.5 mm in the N-series and 1mm in the F-series. The distance between the centers of two circles was 9 cm in the N-series and 18cm in the F-series.
The N-series was used when the T-figure was presented at the N-position, and the F-series was used when the T-figurc was presented at the F-position.
Consequently, the size of the right circle, the distance between the centers of two circles and the fixation mark, and the width of the lines were always physically the same as those of the T-figure, but quite different in visual angle, because the transposition cards were seen at the very short distance (about 30cm) from the subject.
These transposition cards were piled in the order of the size of the right circle and placed on the table before the subject.
Subject 3
Two male students and three female students served as subjects in five sessions. All had normal or corrected-to-normal acuities.
Procedure After-effect measurements:After-effect measurements were made under the following four conditions in the first four sessions:
The temporal sequence of stimulus presentation in each trial was as follows: The white card with the fixation mark presented between the I-and T-periods was always placed at the same distance as the T-figure and was expected to serve to keep or change the accommodation and convergence of the subject's eyes for the forthcoming T-figure.
The subject was asked to keep fixation during the stimulus presentation and to observe the apparent size ratio between the two T-circles at the first moment of presentation. After each stimulus presentation, the subject had to choose a transposition card whose two circles had the same apparent size ratio as the two T-circles. The physical size ratio between the two circles on the transposition card chosen by the subject was called matched size ratio and used as a datum. After 1min rest the next trial started.
In each session, every I-figure of the given condition were presented four times in random order, and four control trials without I-figure were given both at the beginning and the end of the session. The difference of the average matched size ratio between inspection trials of each I-figure and the control trials was used as the measure of after-effect.
Constancy measurements: Measurements of size constancy in the present experimental situation were made in the fifth session. Four pairs of 1-figures of the same diameters (1, 2, 4, and 8 cm) across the N-and F-sets were used as the stimulus objects. Each pairs of I-figures were presented successively at the N-and F-positions of different channels of the tachistoscope, 1 sec for each figure. The subject was asked to observe the apparent size ratio between the two I-circles at different distances, and to choose a transposition card from the N-series to represent the observed ratio. For measurements were made for each pairs.
RESULTS AND DISCUSSION Table 1 shows the results of constancy measurements made by five subjects for four pairs of circles of different diameters. The matched size ratios ranged from 0.79 to 0.93 having the mean of 0.866. Each ratio represents the apparent size ratio of a circle presented at the F-position to another Figs. 2a and 2b show the group average of after-effect as a function of the apparentsize ratio of the I-circle to the T-circle, under the N-N and F-N conditions and the F-F and N-F conditions, respectively. The abscissae represent the apparent-size ratio of the I-circle to the T-circle which were obtained by multiplying (in Fig. 2a ) or dividing (in Fig. 2b ) the physical size ratio by 0.866 (the average matched size in the constancy measurement). The ordinates represent the percent apparent growth or shrinkage of the T-circle measured by the method of transposition. The pair of curves in each of Figs. 2a and 2b represents the after-effects of the I-circles presented two different distances upon the same T-circle at the same distance and should be very similar to each other if the apparent size determines the after-effect.
In reality, however, they are quite different with each other in either pair. Fig. 3 shows the after-effect represented in the same way as in Figs. 2a and 2b but as a function of the retinal-size ratio (visual-angle ratio) of the I-circle to the Table  2 . These facts strongly indicate that the retinal size determines the after-effect.
All of the curves shown in Fig. 3 are very similar to the curves obtained in previous investigations in which I-and T-circles were presented at the same distance [ See Fig. 4 of Oyama(1956) , Fig. of Sagara & Oyama (1959 ), or Fig . 19.8 of Graham(1965 ].
These previous invesigations showed that apparent growth occurrs when the I-circle is considerably smaller than the T-circle, and becomes maximal when the I-circle is one-half of the T-circle in diameter and that apparent shrinkage occurs when the I-circle is the same as or larger than the T-circle, and becomes maximal when the I-circle is twice as large as the T-circle. These features can be observed in all of four curves of the present study, except a few minor points that the maximal growth was not clear in three curves, shrinkage instead of growth occurred for I-circles having a diameter 3/4 of the T-circles in three conditions, and the maximal shrinkage occurred for the I-circle which was three times (not twice) as large as the Tcircle in one condition.
These differences may be ascribed mostly to incidental deviations, because these tendencies were not consistent among the five subjects. Sutherland (1954) reported that an Icircle having the same retinal size as the T-circle produced growth of the T-circle when the I-circle was presented at the near position and its apparent size was smaller than the T-circle and that such an I-circle produced shrinkage when it was at the far position and its apparent size was larger. Day and Logan (1961) and Story (1961) reconfirmed Sutherland's results as far as they used outline circles, large visual angles, and binocular observation. However, in the present study such I-circles always produced shrinkage irrespective of their distance relations, as in McEwen's (1959) study. The I-circle of 30 mm in diameter (45min in visual angle) in the F-N condition of the present study was apparently larger but retinally smaller than the T-circle of 20mm (60min). Shrinkage was expected from the apparent size theory and growth from the retinal size theory. The obtained results showed shrinkage (1.75%) , whereas the results of Prentice (1950) in such situation showed growth. However , the Icircle of 30mm (90min) in the N-F condition, which was retinally larger but apparently smaller than the T-circle , produced also shrinkage even in a greater degree (7.48%) as expected from the retinal size theory, as in the study of Hochberg and Bitterman (1954) and in the third experiment of Sutherland (1954) in similar situations.
Almost all of these results in critical situations of the present experiment supported the retinal size theory. The only results concordant with expectation from the apparent size theory was the shrinkage obtained with the above mentioned Icircle in the F-N condition , but its magnitude was very small and statistically insignificant. Shrinkage occurred in only three of the five subjects . Similar small shrinkage can be observed also in the N-N condition, where both the apparent and retinal size theories predict growth. Sutherland (1961) discussed negative results of other investigators who did not find growth when the I-circle was retinally the same but apparently smaller than the T-circle, and pointed out that absolute sizes of the I-and T-circles are important to reproduce the effects found in his study in 1954, where he used such a large Icircle as 4 degrees in visual angle.
However, even if this opinion is true, it simply indicates that the effect of the apparent size does not have enough generality. Oyama (1954 Oyama ( , 1956 ) already used practically the same experimental design as the present experiment, but prepared only two conditions in one study, F-F and N-F type conditions in the first study and N-N and F-N type conditions in the second studies.
Other experimental conditions, distance, size, and time conditions were also different between the two studies, the numbers of size conditions were smaller and the obtained curves were not so stable in both studies because enough number of repetition could not made in measurement with the method of complete series (a simplified constant method, Guilford, 1936, p. 209) . The time needed to change the convergence and accommodation of subject's eyes from the position of the I-figure to that of the T-figure was not controlled. Constancy measurements were not made. Contrarily, in the present study, measurements for all of four conditions were conducted in a series of experiments under the same distance, size and time conditions, with the same group of subjects. The method of transposition was used and more stable values of after-effect were obtained more efficiently.
A white card with a at the same distance as the T-figure between the I-and T-periods and eliminated possible differences in the time needed to get an exact fixation of T-figure, among conditions and among subjects. Constancy measurements were conducted under the same experimental conditions for the same subjects. From these points, the present study gives new, more reliable evidence to the retinal size theory. Terwilliger (1961) used a 2 in. 1-circle presented at 4 ft. and a 4 in. 1-circle at 8 ft. (both 2 degrees and 23min in visual angle) and three T-circles (2, 3, and 4 in.) at each of three distances (4, 6, and 8 ft.). Eighteen conditions made by combinations of these I-and T-circles involved those corresponding to all situations used by Prentice (1950) , Hochberg and Bitten/Ian (1951) and Sutherland (1954) . He observed the frequencies of occurrence of growth and shrinkage of the T-circle in twenty subjects for each condition. The results showed that the frequencies varied systematically as a function of the retinal size, irrespective of the physical size and distance, and consequently, of the apparent size. Thus Terwilliger's study also supported the retinal size theory as did Prentice's, and Hochberg and Bitterman's studies.
CONCLUSION
The results obtained under the four conditions of the present experiment, N-N, F-N, F-F, and N-F conditions, showed very similar features not only to one another but also to the results of previous investigations made with I-and T-circles presented at the same distance when these results were represented as a function of the retinal-size ratio of the I-circle to the T-circle, but they were quite different when they were represented as a function of the apparent-size ratio. Almost all results obtained under the critical conditions, where the retinal size theory, the apparent size theory, and the two factor theory gave different predictions, supported the retinal size theory. A few exceptions can be ascribed to incidental deviation. The curve-to-curve comparison made in the present study is considered to be more reliable than the point-to-point comparison made in most previous in- 
